Introduction
The proposal to raise the operating energy of SURF-II arose out of the necessity of replacing the original gradient correction coils which were deteriorating. Details of the proposed modifications have been presented in previous reports. 1, 2 Similarly, studies of the beam behavior in SURF suggested that a harmonic RF U.S. Government work not protected by U.S. copyright.
Abstract Field Mapping Improves Radiometry
During the disassembly and reassembly of the SURF magnet extensive mechanical and magnetic measurements were performed. First the radial position of each of the 90 polepiece segments of the upper and lower pole was measured, using a radius arm with a dial indicator. This set of measurements produced a map from which the mean orbit position could be determined relative to the pole tips at any azimuth. This information is needed for accurately locating beamline tangent points and for positioning magnetic field probes.
With the coils installed and energized, the magnetic field at the mean orbit radius was mapped as a function of azimuthal angle for several energies of interest up to 280 MeV. The reduced data yielded a plot of deviation from mean field at the mean orbit radius as a function of beam energy, for the particular azimuth anqle corresponding to the location of the reference Hall probe. The probe itself is positioned at the mean orbit radius with the aid of the radial position map. The beam energy can thus be calibrated accurately and conveniently from a single measurement with the reference Hall probe. Uncertainty is estimated at 0.2%, due principally to probe calibration error (0.1%) and noise in the field map data resulting from height variations of individual laminations (0.1%).
The field maps show deviations from mean field of up to ±0.5%. This implies that there are local variations of radius of curvature of about the same magnitude. Consequently one would expect slight differences among synchrotron radiation spectra observed in individual user beamlines, depending on the field deviation at the tangent point of the given beamline. The effect may be significant to users doing precision radiometry, especially in the short-wavelength region of the spectrum. For example at 280 MeV a 0.5% change in magnetic field results in a change of 0.27% in photon flux density at 5 nm. At wavelengths longer than the critical wavelenqth the effect is negligible.
Harmonic RF System
An auxiliary, second-harmonic RF system has been installed recently at SURF. The 228 MHz system consists of a frequency doubler and phase shifter, a wideband driver amplifier, a tuned 500 watt power amplifier, and a novel, dual-purpose cavity which will be described in detail.
The cavity design evolved from our earlier efforts to control the bunch oscillations in the SURF storage ring.1 These oscillations appear to be associated with quadrupole-mode synchrotron oscillations, caused by regenerative interaction between circulating bunches and the pulse bump coil. The original coil is shown in Fig. 3a . As described in reference 1, it was possible to tune this structure passively from outside the vacuum chamber via the feedthroughs, to resonate at the fourth harmonic of the main RF. A marked suppression of the bunch oscillation was observed. However, no significant bunch lengthening or lifetime improvement was noted. Apparently the beam-induced harmonic voltage was too small to affect significantly the shape of the RF bucket. of the cavity is folded into a rectangular loop, as shown schematically in Fig. 4 . This loop has about the same size, shape and inductance as the original bump coil, except that it is end driven with one leg grounded at the upstream end. The downstream end of the loop forms an accelerating gap with the outer conductor.
At radio frequencies the folded structure exhibits two principal modes: a parallel mode and an anti-parallel mode. (These are exactly analogous to the modes of the ubiquitous folded-dipole antenna). The parallel mode develops a voltage maximum at the gap and is the one utilized for bunch shaping. The anti-parallel mode occurs at a slightly lower frequency and does not interfere. The cavity has been pre-tuned to resonance in the parallel mode at 228 MHz, the second harmonic of the main RF system frequency.
Vernier tuning is provided externally, outside the vacuum envelope, as described below.
The cavity is augmented by a quarter-wave resonant coaxial stub, connected in series with the cavity at the feedthrough. This stub provides convenient access to the resonant structure on the atmosphere side for tuning, for input coupling and for switching between cavity and pulse bump modes of operation.
A small, motor-driven, coaxial capacitor, located in the end-cap of the stub, provides vernier tuning for the entire structure. RF input is via a coupling loop, located in the base of the stub. 
Concl usion
The modifications recently completed at SURF-II have resulted in significant improvements in performance and radiometric capability.
The photon energy range has been extended through an increase of operating energy to 280 MeV. A further energy increase to 300 MeV is possible. Extensive mapping of the storage ring magnet has improved the precision of determination of beam energy and has refined the radiometric capabilities of the facility. A second harmonic RF system has been installed and is being commissioned.
